INTRODUCTION
A shallow high-resolution seismic reflection test survey was conducted over an open-cut coal prospect located within the Maryborough Basin approximately 15km west of Gundiah, Queensland. The aim of the seismic reflection test survey was to evaluate the application of very high resolution seismic data acquisition techniques to delineate thin seams of coal at shallow depths (<150m) using seismic reflection methods.
Previous seismic reflection surveys in the area using Vibroseis seismic sources failed to successfully image the shallow thin coal seams, although excellent reflection events were imaged from layers deeper in the basin sequence.
A high-resolution seismic test survey using smaller geophone group intervals and smaller energy seismic sources were seen as necessary changes to seismic acquisition parameters in order to enable better vertical and horizontal resolution and imaging of the shallow coal seams.
Seismic Reflection Forward Modelling
Synthetic seismic records were generated as part of preliminary studies for the seismic test survey, to assist in the selection of data acquisition parameters, especially the number of required recording channels, geophone interval and furthest offsets for the geophone spread. The basic seismic modelling software package 'REFLECT' (Burger et al, 2005) , together with P-wave velocity estimates and layer thicknesses were used to generate synthetic seismic records.
An example of a synthetic seismic record is shown in Figure 1 along with the velocity and layer thickness model. The synthetic seismic record shows that reflections relating to geological boundaries are possible, and that 72 channel recording with a 2m geophone interval is a suitable data acquisition parameter to record reflection events. Ground roll noise would be a problem in resolving reflections on the near trace channels.
DATA ACQUISITION
Seismic source comparison tests were conducted into off-end and split recording spreads of a 96 channel geophone spread with 2m geophone takeout intervals. The seismic recording system consisted of four distributed Seistronix RAS-24 (24 bit A/D) units connected to 12 channel seismic cables with 2.5m between geophone takeouts. Single spiked 30Hz geophones were used for recording seismic signals.
Following the selection of the best performing seismic source, a seismic test line using 95 shot-points was recorded mid-way between geophones at 2m intervals from Channel 1/2 to Channel 95/96. The seismic test line was extended a further 48m in length by rolling along 24 stations and recording an additional 24 shots at one end of the line.
A summary of the seismic data acquisition parameters used for the test survey is given in Table 1 .
SUMMARY
A shallow high-resolution seismic reflection test survey was conducted in the Maryborough Basin in an area near Gundiah, Queensland. The purpose of the seismic reflection test survey was to evaluate the application of using high resolution seismic data acquisition methods to detect thin coal seams at between 30m to 150m depth for open-cut coal exploration.
The seismic test survey tested three seismic sources which included a 50kg weight-drop from 2m height, a 7kg sledgehammer, and a 12g (blank cartridge) in-hole shotgun. Seismic forward modelling indicated that thin coal seams (1 to 2m thickness) should provide seismic reflections at shallow depths of 30m, using 72 channel recording with 2m geophone intervals. The seismic source tests showed that the 12g in-hole shotgun produced the strongest seismic signal at the furthest geophone offsets. The seismic recording spread consisted of 96 seismic channels with single spiked 30Hz geophones spaced at 2m geophone intervals. Based on the seismic source tests, the 12g in-hole shotgun was used to record a seismic test line with shot-points recorded from one end of the 96 channel spread through to the other end of the spread.
The recording arrangements provided seismic data to both test data quality with shot to receiver offset, and examine the optimum common depth point (CDP) fold coverage to use for a larger seismic survey.
Based on the seismic data processing results, a larger seismic survey could be conducted using a 72 channel recording spread with 4m geophone and shot-point intervals and achieve production rates of 400m per day with a 3-man crew.
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Seismic Energy Source Comparison
Several types of seismic energy sources were trialled at the start of the seismic test survey. Initially, a 7kg sledgehammer impacted onto a metal base-plate was trialled using one hammer blow, and then a vertical stack of 5 hammer blows. Next, a 12g in-hole shotgun (Pullan and MacAulay, 1987) was used by using standard blank 12g shotgun cartridges placed in a water filled 40mm diameter augered hole to a depth of 750mm ( Figure 2 ). The third and final seismic source used was a 50kg weight-drop mounted on the rear of a Toyota LandCruiser and dropped from a height of 2m.
A comparison of the shot records for the different seismic sources is shown in Figure 3 . Similarly, normalised power spectrums of the seismic record data are shown in Figure 4 . The comparisons show that the 12g in-hole shotgun had the highest energy with the largest amount of higher frequency signal. The 12g in-hole shotgun was selected as the main seismic source to use for the production seismic data acquisition. A general overview picture of the seismic data acquisition is shown in Figure 5 . 
SEISMIC REFLECTION DATA PROCESSING
A standard seismic data processing sequence was used to process the seismic records. The following processing steps were applied to the seismic reflection data: The final stack seismic section for the test line using the 12g in-hole shotgun source is shown in Figure 6 . rd International Geophysical Conference and Exhibition, 11-14 August 2013 -Melbourne, Australia
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OPTIMISATION OF DATA ACQUISITION PARAMETERS
Shot records and the final seismic section were evaluated to determine whether seismic production could be increased by either reducing the number of shot-points (ie. increasing the shot-point interval) and/or increasing the geophone spacing interval. Reducing the number of shot-points has the effect of reducing the CDP fold coverage and thereby reducing the signal to noise ratio of the final processed seismic traces. Increasing the geophone interval reduces the horizontal resolution of the final seismic section. The application of reducing the number of shot-points and increasing the geophone spacing interval reduces the final quality of the seismic section. The object of optimisation of seismic data acquisition is to increase data acquisition productivity (line metres per day) while retaining a data quality of sufficient quality to allow interpretation of the seismic section for resource evaluation.
Firstly, the final seismic section provides a measure of varying the CDP fold coverage, as the test line was recorded to provide data coverage with varying CDP fold coverage. The final seismic section in Figure 6 also shows the CDP fold coverage plotted along the bottom of the display.
The CDP fold display in Figure 6 shows that the data quality is good for CDP fold coverage greater than 24. The western and eastern ends of the test line section are of a reduced quality due to the low CDP fold when starting and finishing a seismic line due to a reduced number of multiple common depth points (CDPs). A CDP fold coverage of 36 for optimised seismic data acquisition should provide good quality seismic data for interpretation.
Secondly, increasing the geophone interval implies less effort to deploy geophone cables and geophones, thereby increasing the seismic line coverage per day. Figure 7 shows a simulation of using 4m geophone intervals and 10m geophone intervals by only displaying every 2 nd and 5 th traces in the final seismic section. Figure 7 shows that displaying every 2 nd trace to simulate a 4m geophone interval reduces the data quality, but is still of sufficient quality for interpretation. The display with every 5 th trace is still probably interpretable, but horizontal resolution is greater diminished compared to the other displays. Figure 8 shows a sample shot record from the seismic test survey using 96 recording channels with the geophone interval of 2m. By deleting every 2 nd trace from the shot record, the shot record simulates a 48 channel record with a geophone interval of 4m. Increasing the geophone interval from 2m to 4m shows that a degree of horizontal continuity of the seismic reflection events is lost, but the reflection events can still be clearly recognised.
To maintain a CDP fold coverage of greater than 24, the shotpoint interval would need to be the same as the geophone interval or smaller. Also if the geophone interval is increased to increase the production rate, the geophone spread length and largest shot-point to geophone offset will also increase, resulting in the seismic reflection events merging with the first break arrival events at the far offsets.
Analysis of the seismic test survey data indicates that a 72 channel recording spread with a geophone interval and shotpoint interval of 4m would provide 36 CDP fold data of sufficient quality for interpretation. A production rate of approximately 400m per day of recorded seismic line should be achievable with a 3-man crew.
CONCLUSIONS
The high-resolution seismic reflection test survey was successful in imaging seismic reflections in the top 100ms of the final seismic section display. The 12g in-hole shotgun proved to be the best seismic source to use for the location.
Analysis of the final seismic section and shot records showed that although the use of a 96 channel recording spread with geophone and shot-point intervals of 2m produced excellent data, data acquisition parameters could be further optimised to improve data acquisition production rates and still produce a seismic record suitable enough for interpretation. Changing the seismic data acquisition parameters to 72 channel recording with geophone and shot-point intervals of 4m, should provide seismic data with 36 CDP fold coverage of sufficient quality for interpretation and correlation with drillhole data. 
